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Dear Editor,

Please receive an emended copy of our MS ICESJMS-2020-284.R1, now entitled “The potential 
of video imagery from worldwide cabled observatory networks to provide information 
supporting fish-stock and biodiversity assessment”, following the comments of both reviewers. 
We would like to thank those reviewers for their fair assessment of the manuscript and their 
insightful comments, which contributed to elevating the quality of this revised script. Below, 
we provide (in light black) a point-by-point reply to the comments of the reviewers (in bold 
black), presenting the specific suggested changes we adopted in the process. 

One should notice that line number indicating the changes, are related to the “editing tracked 
version of our script” and are compared with the lines numbers of the first original submission. 
Therefore, we re-submitted the MS in both the form of a tracked changed version and its 
polished form. 

Looking forward to receiving further feedback from you or your Editorial office.

Sincerely, 

Jacopo Aguzzi, on behalf of all authors

REVIEWER 1

This reviewer finds that our paper “…falls within the aims of the ICESJMS as a synthetic / 
review paper...It is a timely topic and discussion, highlighting the identification of new 
monitoring tools and sampling practices, encouraging multidisciplinary dialogue between 
branches of science, management, engineering and public on cost-efficient observing 
systems for spatially and temporally efficient monitory programs relevant to fisheries 
assessment”. Therefore, he/she recommends that “the paper is accepted with minor 
revision”.

1. …the title and abstract* feels somewhat misleading to the reader, in that the paper 
discusses how observatories may provide supporting information relevant for fish-stock 
assessment (e.g. issues related to burrowing for the case of Norwegian lobster/Smart Bay) 
not direct stock-assessment as the title seems to indicate. *Line 35: “We then describe two 
pilot case studies that are successfully using seafloor video imagery combined with 
environmental monitoring to derive robust data on species abundances and population size 
structure”.

The title was changed to “The potential of video imagery from worldwide cabled observatory 
networks to provide information supporting fish-stock and biodiversity assessment” (see also 
our reply to Reviewer 2 at point no. 4), to depict more accurately the content and focus of the 
manuscript.

The corresponding segment in the abstract was also modified:

Line 33 (35-36 in the new revised-tracked document): “We then describe two pilot case studies 
that are successfully using seafloor video imagery combined with environmental monitoring to 
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derive robust data on species abundances and population size structure” was changed to “We 
then describe two pilot studies, exemplary of using video imagery and environmental 
monitoring to derive robust data as a foundation for future ecosystem-based fish stock and 
biodiversity management”.

2. As discussed in the paper, cabled ocean observatories are costly to build and maintain and 
may not provide sufficient spatial coverage and/or designed in an optimal way to provide 
relevant data for fisheries assessment (e.g. for practical reasons)... In terms of providing data 
relevant for stock assessment, the value of long time series provided by observatories is 
highlighted in the paper. It would be interesting if the authors could also discuss or comment 
on whether the (near) real-time capabilities are of value in the context of providing data 
relevant for stock assessment (why not deploy low cost standalone and retrievable units), 
and if so in what way?

We implemented put text according to the proposed commentary by adding a new paragraph 
which focuses on 2 major points:

1) Real-time, high temporal resolution allows for quick reaction in a case of a sudden drop or 
spike of stock as core for a surveillance-alarm based system,

2) These infrastructures are used for more multidisciplinary studies besides fisheries 
assessment so the cost is kind of divided into many projects and services.

Line 147 (163-176 in the new, revised-tracked document):

A new paragraph was added, briefly discussing the comment raised by the reviewer: “Despite 
such technical particularities of observatory infrastructures and elevated operational and 
maintenance costs in comparison to simpler and potentially more flexible monitoring schemes 
(e.g. low-cost, retrievable stand-alone monitoring units), the (near) real-time output of 
observatories offers important advantages for stock management. Any sharp changes in stock 
levels, distribution or behaviour could be detected almost instantly (i.e. in a matter of days or 
weeks), based on multiple-years averaged data and new appearing and persistent outlier 
values (i.e. an alarm system; Aguzzi et al., 2019) either allowing for a quick reaction by the 
authorities and relevant management entities. The capability to set stationary state values (i.e. 
averages) for ecological data (including population indicators) would provide valuable tool to 
set a surveillance system allowing management strategies to be developed or adjusted in short 
time, while continuous, real-time data can also serve the evaluation of the representativeness 
of other data sources. In addition, seafloor observatories are already utilized in numerous 
multidisciplinary projects (e.g. geology, physical oceanography, ecology and other fields 
mentioned above), which already require real-time data flow. In this way, an additional societal 
service (i.e. fishery-independent stock assessment) improves the allocation of resources when 
compared to individual deployments, which can be nevertheless useful and complementary for 
a more complete spatial resolution (see Subsection “Spatial organization” below).”.

3. Line 411. “Count results obtained at each single node could be extrapolated over the 
whole network area (see Figure 2) and then compared and validated with those derived 
from commercial pot fishing and trawling.” Can you provide more insight into how this 
extrapolation can be performed, potentially references?
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Line 412 (508-517 in the new, revised-tracked document):

“…area (see Figure 2) and then compared and validated with those derived from commercial 
pot fishing and trawling.” 

was changed to

“....area (see Figure 2), for instance using kriging regression techniques (Hengl, 2009), and then 
compared and validated with those derived from commercial pot fishing and trawling, using 
propensity modelling (Valliant and Dever, 2011). Here, trawling surveys would produce the 
reference data with which non-probability sampling camera data could be calibrated, as 
described above. Alternatively to kriging regression for inter-node extrapolation, one could also 
use a combination of Poisson modelling of all locally-derived (i.e. site-specific) count data, 
individual arrival patterns, the available or inferred information on sablefish home range, 
displacement pattern and movement speed within Barkley Canyon, to estimate regional 
abundances through Bayesian-based simulations (Follana-Berná et al., 2019, 2020).”

4. Line 269: “At present, a more realistic configuration is to have a patchy network of 
conveniently arranged cameras with heterogeneous imaging capabilities (e.g. some yielding 
only counts, others yielding counts-by-class plus individual fish lengths, and so on).” Can you 
elaborate on why, in terms of cabled ocean observatories, this is a more realistic 
configuration? Is it merely for practical/cost related reasons?

We further expanded on that argument (at Line 271 of the original document), by introducing 
in the Subsection “Spatial organization” (lines 177-180 of the original document), what follows 
(314-321 in the new, revised-tracked document):

“…, reflecting the compromise between practical/cost-related issues (e.g. finite number of 
nodes within the observatory network, selection of sites based on seabed geo-morphology and 
habitat heterogeneity, adequacy for connectivity/maintenance, and etc.) and the optimal 
spatial arrangement based on ecological representativeness for each targeted species or 
community. On an equally important note, due to the lack of a globally standardized 
methodological approach, we are likely to see different projects having different infrastructure 
set-ups and sensing/measuring resolutions.”.

5. Line 281: “Interestingly, as a result, finer camera functionalities can be exploited to correct 
(to a certain degree) the negative impact of a poor arrangement of the camera network by 
using post-hoc statistical techniques.” Could you elaborate on why/how finer camera 
functionalities aid in correcting (to a certain degree) the negative impact of a poor 
arrangement of the network? Are there any references to work showing this?

We explained this issue in better detail at Line 279 of the original document (327 in the new, 
revised document) and the following segment was added:

“For instance, propensity models (Valliant and Dever, 2011) could use individual fish features to 
calibrate camera data with field-survey counts. The idea is to calculate the individuals’ 
propensity to be included in a camera sample, by using fish counts and features from both 
reference population survey data and camera data. Next, camera counts are re-weighted with 
those propensity scores to obtain more representative count estimates. Generally, these 
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correction techniques are popular in statistical surveys, but their application seems not yet 
standardized in fishery science, probably due to the difficulty of intensive spatiotemporal data 
collection. As finer the sampling in relation to space and time (sizing, sex/age recognition by 
specific markers or length, all the way up to biomass calculation as a function of 3D volume of 
individuals etc.; sensu Aguzzi et al., 2020b) and more data are available through camera 
sensing, more those statistical methods could become appealing in fishery applications. More 
methodological research might be needed to better tailor these techniques to monitoring by 
cabled observatories.”.

6. Line 323. “The total of 5 fixed instrumented platforms and a mobile crawler (with a 70m 
radius range) are equipped with a suite of oceanographic and biogeochemical sensors in 
addition to the video cameras mounted on pan and tilt units”. A mobile crawler with similar 
capacities (imaging) as the stationary nodes are mentioned. Can you elaborate on how this 
data potentially is used on ONC observatory, or how it’s envisioned to be used, in the 
context of fisheries independent assessment?

The comment at Line 326 in the original version of our script was now implemented for better 
explanation on that issue (line 396-403 in the new, tracked-revised document):

“This combined scheme of fixed and mobile platforms can increase the spatial and ecological 
representativeness of data, tackling distinct challenges posed by different levels of motility 
among targeted species in the monitored community (e.g. highly motile vs. more sedentary or 
even sessile animals). The crawler is able to cover a substantially greater area than the 
standard field of view of the fixed platforms and, provided that statistical challenges of 
standardizing data from a diverse monitoring setting are overcome, that platform can help to 
extrapolate local (site-specific) results to a broader scale (e.g. more reliable calculations of 
densities over a greater surface).”.

7. Line 388: “hydrate site”. It would be useful if this is also referenced to one of the node 
sites in the text.

That was better references. In any case, the name appears in one of he inserts of the Figure 2 
as a title for the node. 

REVIEWER 2

This reviewer judges that our paper “provides a good overview of the current state-of-the-art 
in the use of cabled observatory networks to support fisheries and marine assessment and 
management.” Also, he/she finds that “While full practical applications for fisheries 
assessment/management are still some way off, the paper highlights key areas where the 
potential for automated marine observation to provide potential fishery-independent stock 
assessment data can be best improved.”. 
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1. Defining ‘home ranges’ (Palmer et al. 2011 and Alós et al. 2016, 2018) may be key to 
striking a balance between coverage and representativeness for stock assessment e.g. it may 
be relevant to derive stock assessment information only during periods of aggregation (e.g. 
spawning time), where a less broad network would be required to cover the whole spatial 
distribution of the (adult) stock. Or recruitment indices could be derived by monitoring 
nursery areas at certain times of the year. The fact that continuous data is available does not 
mean that it all has to be use in stock assessment, but this could also be used in other ways 
to evaluate to representativeness of other data sources or to keep track of longer term 
changes in stock distribution or behaviour, as highlighted in the paper.

We better clarified this issue by adding at lines 434-436 (of the new tracked-version of our 
script) the indication directly contained in the comment:

“At the same time, one should bear in mind that cabled observatory network nodes can be also 
established in key areas for more direct demographic monitoring such as nurseries.”

See also our answer to the comment no. 3 of the previous reviewer on that issue. 

2. There is a strong desire to move away from single-species stock assessment in many parts 
of the world. Emphasis is shifting towards an ecosystem based approach to fisheries (and 
marine mixed use) management. The design of observation networks should aim for a 
broader application than single species abundance estimates. In some ecosystems there may 
be key species of inflated relevance (for the fishery or ecosystem) which could be the focus 
of designing the observation network, but in general broad coverage of areas to observe 
community composition would be beneficial to inform for future ecosystem-based fish stock 
management advice. This is discussed in various places in the paper (the paragraph starting 
on ln LINE 368 could be brought forward into the Introduction) though the current title hints 
towards a more narrow focus on single species assessment.

Line 368 (438 in the new, revised document):

The corresponding paragraph was moved to the Introduction line 124 (129-137 in the new, 
revised-tracked document).

SPECIFIC COMMENTS

3. Some specific comments for the various sections are included below. Some additional 
minor comments and changes are suggested in the attached documents 
“Aguzzi_et_al._(Cabled_Obs._fish-indp_stategy)_DMreview.docx” and 
“Appendix_(Aguzzi_et_al.)_DMreview.docx” (two very minor changes).

All marked entries and comments of those PDF documents were followed and accepted. In 
particular:

Manuscript:

Line 61 (64 in the new, revised document): “(MSFD, 2008)” was changed to “(MSFD; EC, 
2008)”.
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Line 66 (68 in the new, revised document): “(IPCC; Bindoff et al., 2020)” was changed to “(IPCC; 
Bindoff et al., 2019)”.

Line 109 (113-114 in the new, revised document): “…which include healthy and sustainable 
fishery stocks.” was changed to “…which include healthy fish stocks and sustainable fisheries.”.

Line 124 (138-139 in the new, revised document): “…(e.g. via trawl, ROV or AUV video 
surveys)...” was changed to “…(e.g. via trawl, ROV or Autonomous Underwater Vehicle (AUV) 
video surveys)...”.

Line 171 (203 in the new, revised document): “…spatial organization and artificial video-
intelligence.” was changed to “…spatial organization and artificial intelligence for video 
surveillance.”.

Line 186 (219-222 in the new, revised document): The following segment was added “Finally, 
depending on the type of targeted stock, a certain level of flexibility and adaptability of the 
specific location for some sites might be required, given the possible changes in distribution of 
fish stocks due to natural and/or anthropogenic factors.”.

Line 188 (224 in the new, revised document): “…targeted fisheries...” was changed to 
“…targeted fish stocks...”.

Line 203 (240 in the new, revised document): “…(WKPICS2 Report, 2013).” was changed to 
“…(WKPICS2 report; ICES, 2013).”.

Line 234 (272-277 in the new, revised document): “An example of developed procedures for 
implementing a fully automatic underwater video-surveillance system for deep-sea commercial 
species such as rockfish (Sebastes sp.) (Pampoulie et al., 2010) can be introduced for the 
Lofoten-Vesterålen (LoVe) observatory, located in a rich Cold-Water Coral area dominated by 
the deep-water coral Lophelia pertusa (Figure 1).” was changed to “The Lofoten-Vesterålen 
(LoVe) observatory, located in a rich Cold-Water Coral area dominated by the deep-water coral 
Lophelia pertusa (Figure 1), provides an example of developed procedures for implementing a 
fully automatic underwater video-surveillance system for deep-sea commercial species such as 
rockfish (Sebastes sp.) (Pampoulie et al., 2010).”.

Line 366 (448-451 in the new, revised document): “…development of a model-scenario for 
better constraining the movements of sablefish within a wide range of habitats within Barkley 
Canyon.” was changed to “…development of a model-scenario for better describing the 
movements of sablefish within a wide range of habitats within Barkley Canyon (based on a 
constrained distribution, without accounting for individuals entering or leaving the canyon 
from or towards the surrounding areas).”.

Line 427 (537 in the new, revised document): “In the European Community…” was changed to 
“In the European Union...”.

Line 467 (578 in the new, revised document): “UWTV surveys have been seldomly used to…” 
was changed to “UWTV surveys have seldom been used to...”.

Line 525 (654 in the new, revised document): “…monitoring programs and fishery 
assessments.” was changed to “…monitoring programs and fish stock assessments.”.

Line 559 (688 in the new, revised document): “ICES. 20198” was changed to “In: ICES. 2019”.

Line 601 (690 in the new, revised document): “et al.” was changed to “et al. 2019.”.
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Line 630 (764 in the new, revised document): Reference was moved to line 637 (764 in the 
new, revised document).

Line 713 (854 in the new, revised document): “2019” was changed to “2020”.

Line 814 (833 in the new, revised document): Reference was changed to “EC. 2008. Directive 
2008/56/EC of the European Parliament and of the Council of 17 June 2008 establishing a 
framework for community action in the field of marine environmental policy (Marine Strategy 
Framework Directive). Official Journal of the European Union, L164: 19–40.” and moved to line 
695 (790 in the new, revised document).

Line 830 (981 in the new, revised document): “Physeter macrocephalus” was italicized.

Line 964 (1113-1114 in the new, revised document): “…(Temperature, Salinity, and Depth of 
the water column s proxy or the local internal tidal regime).” was changed to “…(temperature, 
salinity, and depth of the water column - a proxy for the local internal tidal regime).”.

Line 971 (1120 onward in Figure 2 in the new, revised-tracked document): Various punctuation 
changes.

Line 1003 (1152-1154 in the new, revised-tracked document): “Upper” was changed to “Top” 
and “Lower” to “Bottom”.

Appendix:

Line 28: “s” was changed to “seconds”

Line 59: “t” was italicized.

4. I do not think the title accurately captures the content of the article. No completed stock 
assessments are presented, rather the paper discusses how information from cable 
observatories could contribute to stock assessment (either through direct data 
inputs/indices or improving the understanding of stock behaviour and of how other data 
used in stock assessments relates to overall abundance and population structure). An 
alternative could be: “Assessing the potential for using video imagery from worldwide 
cabled observatory networks to derive robust data to support fish stock assessment”.  
Perhaps also “and biodiversity monitoring” could be added at the end.

We see the potentially misleading nature of the original title but we also needed to convey an 
effective and sufficiently short entry for the paper. Therefore, we propose a compromise for 
the tile, as per both reviewers’ suggestion (see also our reply to the previous reviewer).

5. Ln 275-277: “When possible, one should assess the level of data representativeness by 
comparing camera outcomes with data from nearby commercial fleet landings (or survey 
missions), carried out in the same time windows.”. Using fisheries statistics to assess the 
representativeness comes with its own set of problems (changes in fleet behaviour over time 
– often due to external factors, potential for (area) misreporting of catch data in many parts 
of the world, lack of appropriate samples etc.). This is not a trivial task if commercial data is 
not collected in an efficient, useable way. The use of electronic logbook data, with perhaps 
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better spatial resolution of catches would assist here. Also, other new emerging technologies 
could have potential for use in future as sources of data for validation e.g. eDNA and 
automated collection of samples

(https://www.sciencedirect.com/science/article/pii/S0022098118302168?via%3Dihub; 
https://www.aqua.dtu.dk/english/news/2018/10/robot-tracks-environmental-dna-from-
fish-on-seabed?id=a0d7fd91-b2d7-422f-bb3c-1ddd08acf4a2).

The eDNA approach as additional validation is now mentioned at lines 328-333 (of the new 
edited-tracked version of our script). In doing so, we also quoted the interesting robotic 
development toward omic in situ sensor as provided by the reviewer:

“Furthermore, new -omics technologies based on eDNA specific markers traceability and 
quantification could be used (Knudsen et al., 2019). Interesting initiatives in this sense are the 
creation of robotic in situ omics sensors for water time-lapse collection, fixation and markers 
presence determination (e.g. https://www.aqua.dtu.dk/english/news/2018/10/robot-tracks-
environmental-dna-from-fish-on-seabed?id=a0d7fd91-b2d7-422f-bb3c-1ddd08acf4a2). 
Unfortunately, currently calibration actions are envisaged as the cross-reference of detected 
eDNA markers for targeted species upon images in extensive video-richness data banks form 
cabled observatories and stand-alone units (Aguzzi et al., 2019). Such a cross-validation would 
also need to be foreseen in terms of markers’ signal intensity vs. video-reported counts as 
another way to get to comprehensive evaluations of abundances..” 

6. Ln 503-505: Regarding automation of burrow counting on the UWTV surveys there has 
been work ongoing for some time. The limitations and current state of development of these 
could be expanded on a bit.

E.g. https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8338084 (and reference 6-8 
within).

We have a full research paper submitted just now on ICES on that argument: the limits of 
UWTV assessment by towed cameras. The first author is member of the ICES WGNEPS:

Aguzzi J., Bahamon N., Doyle J., Lordan C., Tuck I.D., Chiarini M., Martinelli M., Company J.B. 
2020. Burrow emergence rhythms of Nephrops norvegicus by UWTV and surveying biases. ICES 
Journal of Marine Sciences. Submitted.

In any case, more explanation is provided at Line 505 (628-633 the new, revised-tracked 
document): The following segment was added “…, overcoming challenges such as the 
capability of the algorithms to distinguish between burrows of different species and the lack of 
appropriate ground truth for their training (Lau et al., 2012; Sooknanan et al., 2013; Sooknanan 
et al., 2014; Corrigan et al., 2019)”.

7. Could any conclusions be drawn on the use of cabled networks to monitor sedentary vs. 
mobile species (given the two case studies)? Is some sort of mobile observation required to 
produce reliable indices of sedentary species, or can representative indices be derived from 
a few appropriately placed fixed observation points? The idea of a spatial network with a 
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fixed framework of nodes and a group of mobile units in-between as a way forward seems 
the most appropriate setup for deriving fish stock assessment information.

This point is now addressed in the modified “Conclusions” Section (see reply to point no. 8).

8. CONCLUSIONS

The key points in the conclusion are:

- Advancements in biological and environmental automated data collection have the 
potential to revolutionise marine zone monitoring

- But the ideal level of required automation is a long way from reaching a development stage 
suitable for fisheries applications (intrinsic reasons and lack of strategic planning)

- development of (1) the AI vision capabilities and a more integrated collection and (2) 
exchange of information at an adequate spatial scale between cabled observatories will 
expand this potential

- there is need for a timely debate of socio-economic relevance and benefit of extending 
fixed camera observatory networks

The conclusions could include more points on the potential benefits for biodiversity 
monitoring and stock assessment of developing these methods further, drawing from the 
experiences in the case studies. The ability to acquire (non-invasively) local data on size 
distribution and population abundance for all species sharing the same habitat to extend the 
spatiotemporal knowledge of ecological interactions is worth highlighting. Even monitoring 
changes in distribution over time (e.g. due to climate change) could be a big benefit.

Line 520 (649-56 in the new, revised-tracked document): The following segment was added “A 
highly integrated spatial network containing fixed nodes and a group of mobile units operating 
in-between, could be the most appropriate setup for deriving fish stock assessment information 
and an ecosystem-based monitoring of biodiversity. Such a framework would enable the non-
invasive acquiring of local data on size distribution and population abundance for all species 
sharing the same habitat regardless of their motility, to extend the spatiotemporal knowledge 
of ecological interactions and other highlighted ecological indicators along time.”.

9. Table 1 and Figure 3 could potentially be moved to the Appendix. I’m not sure the specific 
results add much to the paper, nor are they fully discussed or their practical use described. 
The discussion of the method, and details in the appendix, should suffice.

The indicated figure was moved to the Appendix, now numbered “Appendix Figure A1”. All 
subsequent items were also renumbered. The table was deleted, as its content was already 
present in the Appendix (Eqs. (A4) and (A5), as well as in the Appendix text).

Manuscript line 361 (451-456 in the new, revised-tracked document):

“Here, we present an example based on the sablefish counts recorded every 30 min at three 
Barkley Canyon video-platforms, between mid-October and mid-November 2011 (PODs 1, 3 
and 4; Doya et al., 2014). The expected count rate λ was calculated for each platform (Table 1) 
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as a function of time, and it was subsequently used to simulate time series (Figure 3). For a 
detailed description of the methodology and results see Appendix 1.” 

was changed to

“An example analysis was conducted based on the sablefish counts recorded every 30 min at 
three Barkley Canyon video-platforms, between mid-October and mid-November 2011 (PODs 1, 
3 and 4; Doya et al., 2014). For a detailed description of the methodology and results see 
Appendix 1. Briefly, The expected count rate λ was calculated for each platform as a function of 
time, and it was subsequently used to simulate time series (Appendix Figure A1).”.

Appendix:

Line 61: The segment “(Figure A1)” was added.

Line 64: Figure A1 ad its caption was added (previously “Figure 3” in the Manuscript).

10. Figure 4: The insert in the bottom left corner could have a better border (and label it). It 
is difficult to see the Nephrops in C, particularly when printed (some contrast or de-hazing of 
that image could help). D could be larger. Green arrows should be replaced with another 
more contrasting colour.

The figure was replaced and the corresponding caption modified (now numbered “Figure 3”, 
following the move of another figure to the Appendix as per point no. 9).

11. An extensive and comprehensive list, providing many useful background readings. Some 
small changes are indicated in the attached document.

These were all followed.(see reply to point no. 3).
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3

27 Abstract

28 Seafloor multiparametric fibre-optic-cabled video observatories are emerging tools for 

29 standardized monitoring programs, dedicated to the production of real-time fishery-independent 

30 stock assessment data. Here, we propose that a network of cabled cameras can be set up and 

31 optimized to ensure representative long-term monitoring of target commercial species and their 

32 surrounding habitats. We highlight the importance of adding the spatial dimension to fixed-point 

33 cabled monitoring networks, and the need for close integration with Artificial Intelligence (AI) 

34 pipelines, that are necessary for fast and reliable biological data processing. We then describe 

35 two pilot studies, exemplary of using video imagery and environmental monitoring to derive 

36 robust data as a foundation for future ecosystem-based fish stock and biodiversity 

37 managementcase studies that are successfully using seafloor video imagery combined with 

38 environmental monitoring to derive robust data on species abundances and population size 

39 structure. The first example is from the NE Pacific Ocean where the deep-water sablefish 

40 (Anoplopoma fimbria) has been monitored since 2010 by the NEPTUNE cabled observatory 

41 operated by Ocean Networks Canada (ONC). The second example is from the NE Atlantic 

42 Ocean where the Norway lobster (Nephrops norvegicus) is being monitored using the SmartBay 

43 observatory developed for the European Multidisciplinary Seafloor and water column 

44 Observatories (EMSO). Drawing from these two examples we provide insights into the 

45 technological challenges and future steps required to develop full-scale fishery-independent 

46 stock assessments.

47
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48 Keywords: Cabled video observatories, ecosystem services, fishery-independent assessment, 

49 monitoring, Sablefish, Norway lobster
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50 Introduction

51 The monitoring of marine biodiversity at different spatio-temporal scales is a key aspect 

52 for the conservation of marine ecosystems, as it serves as a proxy for ecosystem functioning and 

53 services (e.g. Tittensor et al., 2010; Costello and Chaudhary, 2017). There is growing awareness 

54 of the importance of biodiversity in deep benthic marine habitats, which are exposed to multiple 

55 impacts, spanning from direct physical disturbance (e.g., mining, bottom contact fisheries, litter, 

56 noise and contaminants) to indirect effects related to climate change such as deoxygenation and 

57 acidification (Ramírez-Llodra et al., 2011; Sato et al., 2017; Levin et al., 2019; Jamieson et al., 

58 2019; Costa et al., 2020). The quantification of megafauna (i.e. animals larger than 2 cm; Moleón 

59 et al., 2020) as major ecosystem service providers and the extraction of ecological indicators for 

60 its monitoring is about to be prioritized in major international management and conservation 

61 policy programs (Danovaro et al., 2020).

62 The identification of new monitoring tools and optimal sampling practices for the 

63 assessment of environmental status is at the core of important international management policies. 

64 These include the Marine Strategy Framework Directive (MSFD; EC, 2008) of the European 

65 Union, and the Integrated Ecosystem Assessment (IEA) which supports Ecosystem-Based 

66 Management (EBM) programs in the USA (Samhouri et al., 2014), as well as for the recent 

67 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES; 

68 Díaz et al., 2019), the Intergovernmental Panel on Climate Change (IPCC; Bindoff et al., 

69 20202019), and the Deep-Ocean Observing Strategy (DOOS; Levin et al., 2019). 

70 Fishing activities are chiefly carried out in highly productive deep-water and deep-sea 

71 continental margin areas of the planet (i.e. from shallow shelves to lower slopes, Pauly and 
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72 Zeller, 2016). The fishing industry, together with the aquaculture industry, will likely become an 

73 increasingly important source of animal protein for human and livestock consumption in coming 

74 decades (FAO, 2019; Lynch and MacMillan, 2020). These and other industrial activities (e.g., 

75 drilling and mining) will increase in the future, along with the social and economic conflicts 

76 arising from the exploitation of these resources. The development and implementation of novel 

77 monitoring sensors and platforms, which provide accurate data on living resources, will be 

78 crucial to develop better management strategies (Danovaro et al., 2017; 2020), and for 

79 documenting and monitoring change. The operational range of these technologies will also 

80 increase along with their development, either in time and space, thanks to the implementation of 

81 autonomous solutions (Aguzzi et al., 2019). Two main challenges for this technological 

82 development are: 1) the ability to track bio-ecological variables from coastal areas to the abyss, 

83 and 2) the ability to track and quantify individuals at all life stages (Rountree et al., 2020). 

84 Seafloor multiparametric cabled observatories represent a well-established solution for 

85 the remote and continuous monitoring of the marine environment (Favali and Beranzoli, 2006; 

86 Ruhl et al., 2011; De Leo et al., 2018; Aguzzi et al., 2019; Dañobeitia et al., 2020; Rountree et 

87 al., 2020). These permanent seafloor infrastructures host complex and multidisciplinary sets of 

88 physical, chemical, and geological sensors designed to meet the challenges of integrated and 

89 large-scale oriented basic and applied science. The European Multidisciplinary Seafloor and 

90 water column Observatory (EMSO; www.emso-eu.org), Ocean Networks Canada’s NEPTUNE 

91 and VENUS observatories (ONC; www.oceannetworks.ca/), the cabled array of the American 

92 Ocean Observatory Initiative (OOI; https://ooinet.oceanobservatories.org/; Smith et al., 2018), 

93 and the Japanese Dense Oceanfloor Network System for Earthquakes and Tsunamis (DONET; 

94 http://www.jamstec.go.jp/donet/e/) are presently the largest existing networks of observing 
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95 seafloor cabled stations. DONET was specifically designed as a seismic geohazard early-warning 

96 system (Kasaya et al., 2009), while EMSO, ONC, and OOI, were designed for multidisciplinary 

97 monitoring and research in the fields of geology, physical oceanography and ecology (e.g. 

98 Barnes et al., 2007; Service, 2007; Taylor, 2009; Ruhl et al., 2011; Aguzzi et al., 2012; Witze, 

99 2013; Moran et al., 2019).

100 Deployment and maintenance costs for such marine observatory infrastructures are high 

101 because they require extensive ship assets and specialised equipment (e.g. cable laying ships or 

102 the use of Remotely Operated Vehicles - ROVs), a wide range of dedicated personnel including 

103 mechanics, engineers, marine scientists, data analysts, and an extensive shore-based data 

104 distribution platform (Pirenne and Guillemot, 2009; Cristini et al., 2016). For example, the cost 

105 to operate ONC’s observatories since the deployment of its first seafloor monitoring assets in 

106 2003 have been in excess of 114 M CA$ (https://www.oceannetworks.ca/about-us/funders-

107 partners/funders). Such seemingly high operational costs are justified by the multi-use and multi-

108 stakeholder nature of ocean observatories, providing curated data and services to scientists, 

109 government agencies, policy-makers, and society as a whole (Moran et al., 2019). In this context, 

110 ocean cabled observatories should also align their strategic planning with the Sustainable 

111 Development Goals (SDGs) set by the United Nations (EMSO, 2020), which call for the 

112 monitoring of essential ecosystem services, which include healthy fish stocks and sustainable 

113 fisheriesand sustainable fishery stocks. Therefore, it becomes crucial to develop standardized 

114 monitoring programs specifically dedicated to the production of real-time biological and 

115 environmental data assisting fishery-independent stock assessments (Aguzzi et al., 2015; Aguzzi 

116 et al., 2019; Rountree et al., 2020). 
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117 The installation of video cameras on cabled instrument platforms is a breakthrough for 

118 marine ecology and associated monitoring programs and policies (Bicknell et al., 2016; Aguzzi 

119 et al., 2019, Rountree et al., 2020). Biodiversity of megafauna can be assessed and quantified 

120 using time-lapse imaging at frequency intervals as short as minutes and for the duration of 

121 multiple year periods (Aguzzi et al., 2012; 2015, Lelièvre et al., 2017), when video data are 

122 adequately cross-referenced with physical samples for taxonomic determination (Howell et al., 

123 2019). When the image acquisition is coupled with physical, chemical and geological monitoring 

124 (via a multiparametric set of sensors installed alongside the cameras), it is possible to quantify 

125 potential cause-effect relationships between community abundance and composition and 

126 environmental changes (e.g. Burrows et al., 2011; Chauvet et al., 2018), focussing the analyses 

127 on commercially key species (Chauvet et al., 2019). 

128 At this stage, it is worth mentioning that a comprehensive monitoring approach should 

129 not only focus on the commercially important species but also on populations of other ecological 

130 indicator species within its community, potentially interacting through predator-prey 

131 relationships, resource competition and temporal niche partitioning/spatial exclusion (Lima, 

132 1998; Fock et al., 2002; Aiken and Navarrete, 2014; Choy et al., 2017; Baltar et al., 2019). 

133 Therefore, in order to develop the goal of monitoring the stock of this important fish from an 

134 ecosystem point of view, the acquisition of local data on size distribution and population 

135 abundance for all species sharing the same habitat of sablefish will extend the spatiotemporal 

136 knowledge of ecological interactions (e.g. predators, prey and competitors).

137 Vessel-assisted and mobile sampling tools (e.g. via trawl, ROV or Autonomous 

138 Underwater Vehicle (AUV)AUV video surveys) can typically collect data that are representative 
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139 of a relatively large study area. Unfortunately, these type of survey methods are also costly and 

140 logistically challenging, and often not temporally representative, due to seasonal or sporadic 

141 sampling (NRC, 2009). In contrast, a network of fixed cameras can deliver observations at high 

142 frequencies, continually and over long time periods, but with a rather limited spatial coverage in 

143 terms of any singular species’ natural habitat. In other words, a video camera has a field of view 

144 limited to few cubic meters (depending on intrinsic and/or environmental conditions). 

145 A network of seafloor cameras can still be set up to ensure a representative observation-

146 coverage of the surrounding geographic area (e.g. Campos-Candela et al., 2018), but the 

147 technological requirements for spatial data integration are still challenging (Aguzzi et al., 

148 2020b). For instance, underwater imagery quality can be compromised by suspended particles 

149 such as sediment and organic matter, variable and uncontrolled lighting conditions, or even by 

150 inappropriate resolution of the imaging sensors (Sun et al., 2016; Zhang et al., 2017; Li et al., 

151 2018). In addition, camera illumination systems can have a negative impact on the environment 

152 caused by photic contamination that may cause the avoidance or attraction of particular taxa, 

153 thus potentially biasing abundance and community composition estimations (Longcore and Rich, 

154 2004; Trenkel et al., 2004; Widder et al., 2005; Doya et al., 2014). Moreover, the observatory 

155 network spatial set-ups and placement need to be carefully considered in relation to the range of 

156 species displacements within heterogeneous habitats (Aguzzi et al., 2019). In other words, fixed 

157 cameras might be installed in places of operational convenience rather than ecological relevance, 

158 and also without a coherent sampling scheme (Thompson, 2012). Therefore, under these 

159 undesirable circumstances, the acquired video imagery data may not be suitable for extrapolation 

160 to the actual environmental state of a target species geographic range or stock area. 
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161 Despite such technical particularities of observatory infrastructures and elevated 

162 operational and maintenance costs in comparison to simpler and potentially more flexible 

163 monitoring schemes (e.g. low-cost, retrievable stand-alone monitoring units), the (near) real-time 

164 output of observatories offers important advantages for stock management. Any sharp changes in 

165 stock levels, distribution or behaviour could be detected almost instantly (i.e. in a matter of days 

166 or weeks), based on multiple-years averaged data and new appearing and persistent outlier values 

167 (i.e. an alarm system; Aguzzi et al., 2019) either allowing for a quick reaction by the authorities 

168 and relevant management entities. The capability to set stationary state values (i.e. averages) for 

169 ecological data (including population indicators) would provide valuable tool to set a 

170 surveillance system allowing management strategies to be developed or adjusted in short time, 

171 while continuous, real-time data can also serve the evaluation of the representativeness of other 

172 data sources. In addition, seafloor observatories are already utilized in numerous 

173 multidisciplinary projects (e.g. geology, physical oceanography, ecology and other fields 

174 mentioned above), which already require real-time data flow. In this way, an additional societal 

175 service (i.e. fishery-independent stock assessment) improves the allocation of resources when 

176 compared to individual deployments, which can be nevertheless useful and complementary for a 

177 more complete spatial resolution (see Subsection “Spatial organization” below).

178 There are still technological and methodological milestones to be achieved before a 

179 network of cabled cameras can be considered as a reliable tool to track and collect biological and 

180 ecological data relevant to broad spatial scales, which is the pre-requisite to accurately infer 

181 relevant ecological indexes, such as species richness and abundance, and their possible drivers 

182 (see review in Rountree et al., 2020). In the present paper, we outline a strategic pathway for a 

183 global effort to develop networks of key observatory infrastructures and associated technologies 
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184 that are focused on economically valuable species. Firstly, we define specific aspects to help 

185 make observatory networks infrastructures of more scientific and socio-economic utility in 

186 relation to their spatial organization and data interpolation. Next, we describe two pilot projects 

187 that have begun to implement these strategies as part of an effort to assess their efficacy and 

188 relevance to fishery stock assessment programs. 

189

190 Strategic pathway for the establishment of cabled observatories’ monitoring programs

191 We have identified two main aspects of strategic relevance for the development of cabled 

192 observatory networks, as the pre-requisite to obtain reliable data on fishery targeted species. 

193 These are:

194 1. Network spatial organization allowing data interpolation to derive demographic indices 

195 (e.g. size, density, and biomass) and behavioural information, and

196 2. Artificial Intelligence (AI) assistance in data collection and processing,

197 Note that the typical goal is to link AI-based animal counts to water temperature, salinity, 

198 turbidity, and so on. However, here, we do not focus on this stage of analysis, because 

199 multiparametric data processing at cabled-video observatories has been extensively treated 

200 elsewhere (Aguzzi et al., 2012, 2015, 2019, 2020). Instead, we elaborate on the strategic aspects 

201 of spatial organization and artificial intelligence for video surveillancevideo-intelligence.

202
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203 Spatial organization

204 Development of a cabled observatory network, as a data collection technology, faces two 

205 basic issues at the spatial scale: sample bias and missing data. Traditional data collection occurs 

206 during surveys (e.g. trawling), that are designed to minimise sample bias and increase sample 

207 representativeness. This is generally not the case with cabled observatories, which are typically 

208 installed at fixed points of convenience, with a spatial organization that may not follow relevant 

209 ecosystem structures. As a result, data collected in such a way are often not representative of true 

210 population or community dynamics. Moreover, since observatory installation cannot be 

211 ubiquitous, there are vast areas from which data are missing. In these cases, we typically proceed 

212 with interpolation (prediction) of non-available data, which is also largely influenced on how the 

213 observatory network is arranged. Thus, while data representativeness and missing data are two 

214 separate problems, the approach to address these problems is subtly inter-related, because it 

215 depends on the network’s spatial arrangement. As a result, observatory installations should be 

216 carefully pre-planned to best address both problems. Finally, depending on the type of targeted 

217 stock, a certain level of flexibility and adaptability of the specific location for some sites might 

218 be required, given the possible changes in distribution of fish stocks due to natural and/or 

219 anthropogenic factors.

220 Marine observatories should be arranged into integrated geographic networks (at relevant 

221 spatial scales) to efficiently monitor targeted fisheries fish stocks (sensu Rountree et al., 2020). 

222 Such an arrangement can lead to a spatially-coordinated inventory of organisms and 

223 environmental conditions at all observatories within the network. Information could be 

224 subsequently interpolated at different spatial scales, from local (m2 effective field of view 
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225 coverage at each observatory) to large spatial scales (km2 effective area coverage of the 

226 network), using spatial distribution modelling approaches (Hengl, 2009; Di Piazza et al., 2011; 

227 Li and Heap, 2011). If the arrangement of the network and observation protocols are well 

228 designed and planned in consultation with statisticians (Foster et al., 2018), they could possibly 

229 be used akin to Baited Remote Underwater Video Systems (BRUVS) to collect video-estimates 

230 of biodiversity metrics such as relative abundance and size structure (Cappo et al., 2007; 

231 Langlois et al., 2012, 2018; Hill et al., 2014, 2018; Whitmarsh et al., 2017). Fish stock 

232 assessment metrics have been successfully obtained with BRUVS (e.g., Langlois et al., 2018). 

233 Cabled observatories could be used in a similar fashion to BRUVS, albeit not baited, to provide 

234 an inexpensive non-invasive method complementary to direct sampling (e.g. trawling). Thus, 

235 ultimately they could yield results comparable to experimental fishery surveys, as advocated by 

236 experts of the International Council for the Exploration of the Sea - ICES (WKPICS2 rReport; 

237 ICES, 2013). 

238 In this scenario, a spatial network could be conceived to have a fixed framework of nodes 

239 and a group of mobile units in-between, which could include BRUVS (Rountree et al., 2020). 

240 The use of autonomous mobile platforms such as stand-alone (non-cabled) lander-nodes 

241 (Corgnati et al., 2016; Marini et al., 2018a) as well as remotely operated underwater crawlers 

242 (Aguzzi et al., 2019; Chatzievangelou et al., 2020), in concert with cabled observatories would 

243 permit some flexibility with regard to a maximising power within a statistically sound survey 

244 design (sensu Hill et al., 2018) and, if necessary, spatially adaptive adjustments of monitoring in 

245 response to changing fishery stock distributions. Stand-alone repositionable landers, equipped 

246 with mobile underwater crawlers will be used in future to enforce different nesting routines for 
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247 image sampling around fixed platforms, hence providing important spatial data according to 

248 different scales of seafloor heterogeneity (Aguzzi et al., 2020a). 

249 The observatory mechanical eye is the camera, thatwhich, if endowed with enough 

250 measuring functionalities (AI), could be an effective automatic replacement to physical catch and 

251 manual measurement. Spatial coverage remains a relevant issue (Aguzzi et al., 2019). A well-

252 planned arrangement of a network of such cameras, possibly including small mobile platforms, 

253 could be a similarly beneficial replacement to costly and temporally scarce survey missions 

254 (Rountree et al., 2020).

255

256 Artificial video intelligence

257 An AI upgrade for the processing of video data is required to transform cameras into true 

258 ecological effective sensors, operative in fully natural environments, and capable of autonomous 

259 classification and enumeration of individuals of key target species (MacLeod et al., 2010; Dell et 

260 al., 2014; López-Vázquez et al., 2020), alongside the estimation of individual animal 

261 characteristics like body size and behaviour (Aguzzi et al., 2020b). To fully address measuring 

262 functionalities, cameras still need a level of advancement in integration between hardware (e.g. 

263 stereo vision) and software (e.g. image-analysis programs) components that are not yet 

264 standardized. An increase in classification efficiency could be achieved by defining appropriate 

265 training datasets, in which experts manually classify animals and AI approaches automatically 

266 learn how to detect and discriminate among species (Moniruzzaman et al., 2017; Malde et al., 

267 2019). 
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268 The Lofoten-Vesterålen (LoVe) observatory, located in a rich Cold-Water Coral area 

269 dominated by the deep-water coral Lophelia pertusa (Figure 1), provides aAn example of 

270 developed procedures for implementing a fully automatic underwater video-surveillance system 

271 for deep-sea commercial species such as rockfish (Sebastes sp.) (Pampoulie et al., 2010) can be 

272 introduced for the Lofoten-Vesterålen (LoVe) observatory, located in a rich Cold-Water Coral 

273 area dominated by the deep-water coral Lophelia pertusa (Figure 1). Automation in fish tracking 

274 and counting is being implemented in order to produce information on population activity 

275 patterns at diel and seasonal scales, in relation to oceanographic cycles (Aguzzi et al., 2020a). To 

276 this end, the establishment of large open-access repositories of labelled images of fish should be 

277 encouraged, since the precision of classification depends on the level of representativeness of 

278 that set (e.g. Bird et al., 2014; Matabos et al., 2017; Konovalov et al., 2019). Such collaboration 

279 could be also envisaged with the BRUVS Community as operators have a need for similar AI 

280 development related to the creation of a centralised data repository of ecological annotation data 

281 (www.globalarchive.org).

282 To date, popular AI approaches (e.g. based on Deep-Learning) are rarely used as stand-

283 alone vision algorithms, but rather in conjunction with more classic imaging, classification, and 

284 prediction approaches (Sun et al., 2016; Qin et al., 2016). For instance, Convolutional Neural 

285 Networks (CNNs), a popular Deep-Learning approach, typically require some image pre-

286 processing for good classification performances (Ali-Gombe et al., 2017; Villon et al., 2018). 

287 Recent CNN applications are often performed under controlled conditions, where image content 

288 is mostly unambiguous and the overall number of training examples is relatively high (Siddiqui 

289 et al., 2018; Álvarez-Ellacuría et al., 2019; Hu et al., 2020). However, deployed cabled cameras 

290 should operate in natural uncontrolled conditions (Spampinato et al., 2010), where underwater 
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291 equipment is often subject to power supply limitations when deployed in a stand-alone mode. 

292 However, such deployments could execute image-analysis operations on board. The 

293 computational costs of trained CNNs could be too high to sustainably operate inside such 

294 underwater equipment. To this end, synthetic image-representations based on trained 

295 evolutionary algorithms (Marini et al., 2018b) have been proposed to more cost-effectively 

296 operate inside underwater stand-alone cameras. Regardless of the AI method used, the 

297 recognition and classification problem in underwater imaging remain unresolved to date, 

298 especially as an automated tool for stand-alone and networked observatories (Aguzzi et al., 

299 2020b). 

300 Interestingly, the problem of data representativeness also applies to camera equipment 

301 and computer vision (Aguzzi et al., 2020b) that are ultimately responsible for data recording. 

302 Here, to effectively replace human intervention, a comparable level of visual comprehension and 

303 detail is needed. This requires an ideal level of automation which is presently hindered by 

304 camera and AI technological limitations (see above), and high costs in planning and deployment 

305 of a camera network. At present, a more realistic configuration is to have a patchy network of 

306 conveniently arranged cameras with heterogeneous imaging capabilities (e.g. some yielding only 

307 counts, others yielding counts-by-class plus individual fish lengths, and so on), reflecting the 

308 compromise between practical/cost-related issues (e.g. finite number of nodes within the 

309 observatory network, selection of sites based on seabed geo-morphology and habitat 

310 heterogeneity, adequacy for connectivity/maintenance, and etc.) and the optimal spatial 

311 arrangement based on ecological representativeness for each targeted species or community. On 

312 an equally important note, due to the lack of a globally standardized methodological approach, 

313 we are likely to see different projects having different infrastructure set-ups and 
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314 sensing/measuring resolutions. One should expect considerable effort in developing AI and 

315 statistical corrections to address this less-than-ideal configuration. For instance, one should 

316 practically consider ways to integrate heterogeneous imaging outputs at different degrees of 

317 individual fish detail. 

318 When possible, one should assess the level of data representativeness by comparing 

319 camera outcomes with data from nearby commercial fleet landings (or survey missions) carried 

320 out in the same time windows, assisted by the use of electronic logbook data with potentially 

321 better spatial resolution of catches. Furthermore, new -omics technologies based on eDNA 

322 specific markers traceability and quantification could be used (Knudsen et al., 2019)., Interesting 

323 initiatives in this sense are the creation of robotic in situ omics sensors for water time-lapse 

324 collection, fixation and markers presence determination (e.g. 

325 https://www.aqua.dtu.dk/english/news/2018/10/robot-tracks-environmental-dna-from-fish-on-

326 seabed?id=a0d7fd91-b2d7-422f-bb3c-1ddd08acf4a2). but Unfortunately, currently calibration 

327 actions are envisaged (i.e.as the cross-reference of detected eDNA markers for targeted species 

328 upon images in extensive video-richness data banks form cabled observatories and stand-alone 

329 units (; Aguzzi et al., 2019). Such a cross-validation would also need to be foreseen in terms of 

330 markers’ signal intensity vs. video-reported counts as another way to get to comprehensive 

331 evaluations of abundances. , carried out in the same time windows. Various studies suggest 

332 potential calibration methods to inter-calibrate camera-collected data with more accurate field-

333 survey measurements (Deville and Särndal, 1992; Valliant and Dever, 2011; Baker et al., 2013). 

334 For instance, propensity models (Valliant and Dever, 2011) could use individual fish features to 

335 calibrate camera data with field-survey counts. The idea is to calculate the individuals’ 

336 propensity to be included in a camera sample, by using fish counts and features from both 
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337 reference population survey data and camera data. Next, camera counts are re-weighted with 

338 those propensity scores to obtain more representative count estimates. Generally, these 

339 correction techniques are popular in statistical surveys, but their application seems not yet 

340 standardized in fishery science, probably due to the difficulty of intensive spatiotemporal data 

341 collection. As finer the sampling in relation to space and time (sizing, sex/age recognition by 

342 specific markers or length, all the way up to biomass calculation as a function of 3D volume of 

343 individuals etc.; sensu Aguzzi et al., 2020b) and more data are available through camera sensing, 

344 more those statistical methods could become appealing in fishery applications. More 

345 methodological research might be needed to better tailor these techniques to monitoring by 

346 cabled observatories.. Here, the more individual fish features that are determined (both from 

347 cameras and from surveys), the better the calibration will be. Interestingly, as a result, finer 

348 camera functionalities can be exploited to correct (to a certain degree) the negative impact of a 

349 poor arrangement of the camera network by using post-hoc statistical techniques. Therefore, one 

350 of the most urgent current goals is to rapidly develop AI vision methodologies to empower 

351 general measuring capabilities of cameras that are yet lacking.

352

353 Pilot examples that provide a roadmap for cabled observatory monitoring of fishing stocks 

354 We now present 2 strategically and operationally relevant pilot projects that are ready to 

355 immediately begin biological (i.e. image-based) and environmental monitoring of commercially 

356 relevant fishery resources. These projects are set at two existing major observatories: ONC for 

357 sablefish (Anoplopoma fimbria) and EMSO for Norway lobster (Nephrops norvegicus). 
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358

359 Study case 1: Fishery-independent assessment of sablefish in the NE Pacific

360 Sablefish is a soniferous, long-lived, deep-sea demersal fish species, found at depths from 

361 300 to 3000 m, which supports important commercial fisheries over its broad distribution in the 

362 Pacific Ocean (Wilkins and Saunders, 1997; Warpinski et al., 2016; Riera et al., 2020). Sablefish 

363 populations include migratory and resident individuals (Chapman et al., 2012), with complex 

364 geographic movements occurring at small and large basin-scale ranges (i.e. Pacific coast of 

365 North America; Orlov, 2003). Their complex biological cycle is characterised by horizontal and 

366 vertical movements, which vary with sex and maturity (Beamish and McFarlane, 1988; Sogard 

367 and Olla, 1998; Ryer and Olla, 1999; Jacobson et al., 2001; Maloney and Sigler, 2008; Morita et 

368 al., 2012; Hanselman et al., 2015). Recent studies have proposed different mechanisms for 

369 controlling the temporal patterns of sablefish movements along the seafloor and through the 

370 water column. While in Barkley Canyon, British Columbia, sablefish movements seem to be 

371 ruled mainly by tidal cycles (Doya et al., 2014; Matabos et al., 2014; Chatzievangelou et al., 

372 2016), in other regions of the NE Pacific diel vertical migrations of subpopulations have been 

373 attributed to the displacement patterns of their prey (Goetz et al., 2017) and also to the intensity 

374 of their near-bottom foraging behaviour (Sigler and Echave, 2019). However, other studies have 

375 not identified a single major environmental control over sablefish population movements (Orsi et 

376 al., 2006). The sablefish fishery is an economically important fishery in the north Pacific 

377 (Wilkins and Saunders, 1997; Warpinski et al., 2016; in 2018 US commercial catches were 17.6 

378 thousand metric tons valued at US$110.4 million, NMFS, 2020) and is currently managed based 

379 on fishery-dependent survey data conducted on board commercial fishing vessels employing 
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380 either creels or pots, and on independent trawl survey data collected by Fisheries and Oceans 

381 Canada (DFO) (Cox et al., 2011) and NOAA Fisheries. However, as with other demersal trawl 

382 fisheries, there are concerns about the potential impacts of trawl surveys on deep-sea habitats 

383 (Clark et al., 2016; Hiddink et al., 2017).

384 The NEPTUNE cabled observatory operated by Ocean Networks Canada (ONC) 

385 presently represents the best equipped network for a truly technologically-oriented fishery-

386 independent monitoring of sablefish stocks along the Pacific coast of North America (Map inset 

387 in Figure 2). One of its nodes, located in Barkley Canyon, consists of several cabled instrument 

388 platforms that span a maximum linear distance of ~15 km, and a depth range of 400 to 985 m, 

389 which overlaps with the depth of greatest abundance for sablefish (Goetz et al., 2017; Kimura et 

390 al., 2018). The total of 5 fixed instrumented platforms and a mobile crawler (with a 70m radius 

391 range) are equipped with a suite of oceanographic and biogeochemical sensors in addition to the 

392 video cameras mounted on pan and tilt units. (). This combined scheme of fixed and mobile 

393 platforms can increase the spatial and ecological representativeness of data, tackling distinct 

394 challenges posed by different levels of motility among targeted species in the monitored 

395 community (e.g. highly motile vs. more sedentary or even sessile animals). The crawler is able to 

396 cover a substantially greater area than the standard field of view of the fixed platforms and, 

397 provided that statistical challenges of standardizing data from a diverse monitoring setting are 

398 overcome, that platform can help to extrapolate local (site-specific) results to a broader scale 

399 (e.g. more reliable calculations of densities over a greater surface). The broad range of 

400 oceanographic and biogeochemical sensors are set to measure parameters such as temperature, 

401 salinity, pressure, dissolved oxygen, current speeds and direction, acoustic backscatter, turbidity, 

402 chlorophyll, pCO2, pH, ambient noise, etc.). All of these parameters, sampled at high (0.1 Hz) 
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403 frequencies are instrumental for determining environmental fluctuations at multiple temporal 

404 scales, which combined with time-lapse imagery and passive acoustics may enable the 

405 constraining of cause-effect relationships determining temporal and spatial changes of sablefish 

406 abundances and size-frequency distributions. However, what remains to be assessed is how 

407 effectively the video and ancillary environmental data from these 5 different locations can be 

408 combined to generate reliable and complementary information for sablefish fishery stock 

409 assessment representative of a much larger area. A clear first step for a “proof of concept” of this 

410 application would be to compare the accumulated ~10 years of video and environmental data 

411 available from the various installations in Barkley Canyon with regional fishery statistics 

412 available for sablefish (e.g., fishery catch/landings data).

413 Inferring true density estimations of freshwater and marine fish populations has 

414 been explored based on individual counts, species’ home ranges and movement patterns 

415 (Campos-Candela et al., 2018). In addition, population density estimations have been assessed by 

416 using simultaneous reference time series (Follana-Berná et al., 2019, 2020), individuals’ arrival 

417 times at and geometry of baited cameras (Farnsworth et al., 2007), and by using stereo vision 

418 imagery (Denney et al., 2017). Species home range was used by Palmer et al. (2011) and Alós et 

419 al. (2016, 2018) as the area with 95% probability of finding an individual during an extended 

420 period of time. In applying this interpretation to our “proof of concept”, the assumption of fixed, 

421 homogeneously distributed home ranges for sablefish individuals in Barkley Canyon could be 

422 challenged due to the existing knowledge of the species’ population dynamics around Vancouver 

423 Island. For example, the species is known to be highly mobile and migratory, albeit with high 

424 proportions of resident individuals (Kimura et al., 2018). Furthermore, individuals may move 

425 either independently at small spatial scales, without aggregation, or rather in large dispersed 
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426 shoals, and therefore the presence of an individual is often correlated to other individuals nearby, 

427 swimming at a certain distance (Krieger, 1997). To account for the intrinsic variability within the 

428 population, tackling uncertainties of the demographic models, fisheries and independent survey 

429 data must be used as a reference, in addition to the systematic tracking of sablefish individuals in 

430 Barkley Canyon (e.g. by using large-scale acoustic tag tracking). At the same time, one should 

431 bear in mind that cabled observatory network nodes can be also established in key areas for more 

432 direct demographic monitoring such as nurseries. 

433 The first preliminary step towards the development of a model for the estimation of 

434 sablefish density and, subsequently, biomass in Barkley Canyon is the establishment of an 

435 expected number of counts per observing platform and temporal window, based on Poisson 

436 probabilities and movement patterns of known rhythmic typology and use them to create 

437 baseline simulated time series. Here, we present an exampleAn example analysis was conducted 

438 based on the sablefish counts recorded every 30 min at three Barkley Canyon video-platforms, 

439 between mid-October and mid-November 2011 (PODs 1, 3 and 4; Doya et al., 2014). For a 

440 detailed description of the methodology and results see Appendix 1. Briefly, tThe expected 

441 count rate λ was calculated for each platform (Table 1) as a function of time, and it was 

442 subsequently used to simulate time series (Appendix Figure 3A1). For a detailed description of 

443 the methodology and results see Appendix 1. The next steps would involve the development of a 

444 model-scenario for better constraining describing the movements of sablefish within a wide 

445 range of habitats within Barkley Canyon (based on a constrained distribution, without accounting 

446 for individuals entering or leaving the canyon from or towards the surrounding areas).
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447 At this stage, it is worth mentioning that a comprehensive monitoring approach should 

448 not only focus on the commercially important species but also on populations of other ecological 

449 indicator species within its community, potentially interacting through predator-prey 

450 relationships, resource competition and temporal niche partitioning/spatial exclusion (Lima, 

451 1998; Fock et al., 2002; Aiken and Navarrete, 2014; Choy et al., 2017; Baltar et al., 2019). 

452 Therefore, in order to develop the goal of monitoring the stock of this important fish from an 

453 ecosystem point of view, the acquisition of local data on size distribution and population 

454 abundance for all species sharing the same habitat of sablefish will extend the spatiotemporal 

455 knowledge of ecological interactions (e.g. predators, prey and competitors).

456 Data derived from ONC’s archived video imagery in Barkley Canyon have already 

457 provided valuable information on sablefish ecology with relevance to fishery-oriented 

458 monitoring. Video counts of sablefish are, at certain periods of the annual cycle the highest of all 

459 species within the local community, only second to the also commercially important tanner crab 

460 (Chionoecetes tanneri) (Matabos et al., 2014; Doya et al., 2017; Chauvet et al., 2018, 2019). Fish 

461 counts vary over the topography at small scales within different camera views (Doya et al., 2014; 

462 2017; Chatzievangelou et al., 2016), while sizes range from 35 to 95 cm with an average (± 

463 standard deviation) length of 63.6 ± 10.4 cm, indicating that video counts at depths of ~850-900 

464 m mostly include adults (Doya et al., 2014).

465 The benthic faunal assemblages within Barkley Canyon, also studied in the ONC network 

466 area exhibits distinct seasonal patterns, related to environmental variation (Juniper et al., 2013). 

467 Sablefish counts increase in spring-summer at the hydrate site (Doya et al., 2017) at the hydrate 

468 site in the Barkley canyon wall (see the mMap inset in Figure 2), but not in the Mid-Canyon and 
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469 Canyon Axis sites (Juniper et al., 2013, Matabos et al., 2014; Chauvet et al., 2018), supporting 

470 the need for monitoring the Barkley Canyon population using various, extensively arranged in 

471 space, imaging sources. The relationship of the observed seasonal trends with the local spring-

472 summer upwelling (depth limit 250 m) is uncertain (Chauvet et al., 2018), while stochastic 

473 meteorological events (e.g. storms) can also indirectly influence fish counts, through variation in 

474 water mass properties that affect predator and prey abundances in the water column (Matabos et 

475 al., 2014). At aphotic depths, fish counts drop when tidal flow speed increases in the Benthic 

476 Boundary Layer (BBL; Doya et al., 2014; Matabos et al., 2014; Chatzievangelou et al., 2016) 

477 with the dominant current oriented down-canyon at mean speeds of 2-4 cm/s and peaks of up to 

478 30-70 cm/s (Chauvet et al., 2018). Based on successive peaks in counts from video-platforms at 

479 different depths, Doya et al. (2014) hypothesised that sablefish perform diel vertical migrations 

480 through Barkley Canyon related to feeding and predator avoidance strategies. In particular, 

481 adults show 24-h based vertical water column migrations in combination with bathymetric axis-

482 oriented displacements over the seabed when entering the canyon. Seabed movements into the 

483 canyon could be performed to avoid large pelagic predators (e.g. cetaceans; e.g. Mathias et al., 

484 2012), although no proof for that has been yet provided. Chatzievangelou et al. (2016) expanded 

485 on this observation, suggesting that sablefish may synchronize their displacement according to 

486 weak tidal flows to disperse long distances through the hypoxic waters of Barkley Canyon at low 

487 energetic costs. 

488 Automated scripts for counting of individuals (Qin et al., 2016; Marini et al., 2018a, 

489 2018b; López-Vázquez et al., 2020) should be at the core of any established video-monitoring 

490 program at ONC. Those scripts could be implemented by focusing on the development of the 

491 recognition, counting, and size-class measuring of fishes (Fier et al., 2015). Count results 
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492 obtained at each single node could be extrapolated over the whole network area (see Figure 2), 

493 for instance using kringing regression techniques (Hengl, 2009), and then compared and 

494 validated with those derived from commercial pot fishing and trawling, using propensity 

495 modelling (Valliant and Dever, 2011). Here, trawling surveys would produce the reference data 

496 with which non-probability sampling camera data could be calibrated, as described above.  

497 Alternatively to kriging regression for inter-node extrapolation, one could also use This 

498 extrapolation would require aa combination of Poisson modelling of all locally-derived (i.e. site-

499 specific) count data, individual arrival patterns, the available or inferred information on sablefish 

500 home range, displacement pattern and movement speed within Barkley Canyon, to estimate 

501 regional abundances through Bayesian-based simulations (Follana-Berná et al., 2019, 2020).

502 Such an approach could be further strengthened by combining video imaging with high-

503 frequency acoustic cameras which have greater projection range into the water column and are 

504 not dependent on light or water clarity (Rountree et al., 2020), as well as passive acoustics, given 

505 that sablefish sounds have recently been described (Riera et al., 2020). Species morphometric 

506 characteristics in 3D-image outputs and their traceability based on sound markers, may 

507 complement image counting capacity as well the computing of other demographic indicators as 

508 class-size distribution frequencies (Aguzzi et al., 2019). Acquisition of size-class frequencies 

509 (Beamish and Chilton, 1982) and the assessment of the role of canyon morphology on population 

510 dynamisms (e.g. the presence of adults and juveniles in different areas) is an ongoing effort, as a 

511 proof of concept of potential services ONC may provide to Fisheries and Oceans Canada (DFO) 

512 and the Canadian Fishery Associations (CFAs).

513
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514 Study case 2: Fishery-independent assessment of Norway lobster in Galway Bay, Ireland

515 In the European CommunityUnion, the EMSO observatory network relies on the previous 

516 successful experiences and know-how from ONC in setting a guideline for its service-oriented 

517 installations in the Atlantic and Mediterranean, which host fully developed fishery industries. 

518 The Norway lobster is one of the most important commercial fishery resources in Europe 

519 (Ungfors et al., 2013). European landings of Norway lobsters were around 44,000 tonnes valued 

520 at approximately 360 million EUR in 2016 (EUROSTAT, 

521 ec.europa.eu/eurostat/web/fisheries/data/database). Norway lobsters dig and inhabit complex 

522 burrow systems in muddy habitats used for shelter and for territorial control, from which they 

523 emerge to find food (Sbragaglia et al., 2017). Burrow emergence patterns differ with relation to 

524 depth and time of the day (Aguzzi and Sardà, 2008): from nocturnal to crepuscular on upper and 

525 lower shelves to diurnal on slopes. Emergence is not only modulated by the stage of the 

526 reproductive cycle but also by size and other more contingent ecological factors (e.g. the 

527 presence of predators or prey; Sbragaglia et al., 2017). Such modulation represents a behavioural 

528 mechanism that protects this commercially exploited population from trawling because when 

529 individuals are in their burrows they are inaccessible to trawling. 

530 The behaviour of free-living Norway lobster individuals has never been monitored over 

531 time with video-cabled observatory technology. Continuous video-tracking of populations would 

532 be highly informative for fishery assessment and management in both the Atlantic Ocean and 

533 Mediterranean Sea (Morello et al., 2007). Trawling surveys have been used to provide indirect 

534 biomass estimates by means of abundance indices derived from surface density data (i.e. the 

535 number of animals per swept area; Maynou et al., 1998). However, this method does not account 
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536 for temporal and spatial changes in susceptibility to trawl capture due to the lobster’s burrowing 

537 behaviour (Sardà and Aguzzi, 2012). In part due to the inherent bias of trawl data, video surveys 

538 were first instituted for Norway lobster assessment in the 1970s (Leocádio et al., 2018). The 

539 visual direct method of assessment counts burrows (and thus inhabiting individuals) based on the 

540 characteristic morphological traits of these structures within the substrate (Campbell et al., 

541 2009). The video, or “Under Water TeleVision” (UWTV), survey is a less invasive methodology 

542 compared to trawling and is conducted using towed camera-sledges (Leocádio et al., 2018). A 

543 comprehensive monitoring and a UWTV-based stock assessment program have been developed 

544 in several European countries coordinated by ICES, which hosts the Working Group on 

545 NEPhrops Surveys (WGNEPS; ICES, 2019). 

546 Three major uncertainties have been identified with UWTV methodology (Leocádio et 

547 al., 2018). Current stock assessment procedures make assumptions to address these uncertainties. 

548 The first relates to burrow occupancy which is currently assumed to be that one individual 

549 >17mm carapace length occupies one identifiable burrow system. The second relates to burrow 

550 system size and the “edge effect” (i.e. burrows systems only partially included in the field of 

551 view, leading to errors in counting), both biasing the density estimates of the effective area 

552 surveyed. The third relates to the accuracy of burrow identification because other sympatric fish 

553 and decapod species construct tunnels with morphology similar to those of Nephrops and may 

554 bias assessment by underwater photography (Sardà and Aguzzi, 2012). 

555 UWTV surveys have been seldomly been used to derive behavioural information on 

556 burrow emergence rhythms as a source of animal availability to capture. A fixed-point cabled 

557 camera installed on the SmartBay observatory (https://www.smartbay.ie/) as an EMSO testing-
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558 site, may help in gathering those behavioural data as ancillary information to stock assessment. 

559 This cabled observatory presently operates at a depth of 20 m in the Galway Bay area, within an 

560 important fishing ground for Norway lobsters (Gaughan and Kolar, 2010). Technological 

561 platforms like this one can provide critical information on burrow usage by several individuals at 

562 once, including temporal patterns in emergence, occupancy and changes in the visual signature 

563 of the burrows (Figure 43). The burrowing emergence behaviour of several individuals could 

564 then be monitored by means of continuous day-night video and multiparametric environmental 

565 data collection, to assess the control of ecological (e.g. presence of predators and prey) and 

566 environmental (oceanography and meteorology with special focus on light) factors in modulating 

567 individual variable predisposition toward burrow emergence. At the same time, the role of social 

568 aggressive interactions in modulating emergence timing and duration in a group of neighbours 

569 could be evaluated (Sbragaglia et al., 2017). 

570 SmartBay monitoring could be spatially facilitated by using stand-alone camera setups 

571 for long-lasting deployment, following BRUV sampling strategies (e.g. GUARD1/DeepEye; 

572 Marini et al., 2018a) as well as coastal crawlers (Aguzzi et al., 2015; Aguzzi et al., 2020a). 

573 Recently, both technological platforms have been installed at the Mediterranean OBSEA cabled 

574 observatory (www.obsea.es) (Aguzzi et al., 2018), that like SmartBay, is an EMSO technology 

575 testing site (Del Río et al., 2020). A coastal crawler is being used to scale local camera 

576 information to larger video-transect areas (Aguzzi et al., 2015). Moreover, preliminary trials on 

577 Nephrops behavioural tracking by cabled observatory cameras have already started. During 

578 2019, a first trial to evaluate the technology and the use of a video-camera to study the behavior 

579 of Nephrops was executed. A 3x3 meter cage was built and deployed on the seabed close to 

580 OBSEA, where the real-time video camera is installed (Figure 54). Artificial burrows were also 
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581 installed inside the cage. By using the video camera, the movement of the animals was recorded 

582 in relation to the establishment of deep-water pot fishing and release (i.e. as required in fishery 

583 no-take zones) procedures. Time-lapse image monitoring, animal confinement and in situ caging 

584 are helping to establish similar procedures at the SmartBay observatory (see Figure 43). 

585 As for sablefish, the establishment of an automated video-imaging protocol would be 

586 required to achieve the status of an autonomous monitoring program useful on a stock 

587 assessment scale. In the case of lobsters, this would encompass AI aided detection of burrow 

588 emergence, tracking of animal movement, and identification of social interactions (García et al., 

589 2019), altering burrow emergence behaviour (Sbragaglia et al., 2017). Such long-term in situ 

590 observations will be particularly informative in addressing the burrow occupancy assumption 

591 used in the UWTV-based stock assessment. Automation Refining the automation of burrow 

592 counting on the UWTV surveys through AI or deep learning could also greatly improve the 

593 quality and reproducibility of what is currently a subjective process, albeit based on the 

594 judgement of trained experts, overcoming challenges such as the capability of the algorithms to 

595 distinguish between burrows of different species and the lack of appropriate ground truth for 

596 their training (Lau et al., 2012; Sooknanan et al., 2013; Sooknanan et al., 2014; Corrigan et al., 

597 2019).

598

599 Conclusions

600 In the near future the growing demand for the implementation of strategic marine habitat 

601 conservation areas and the ensuing debate surrounding their exploitation will encourage a multi-
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602 disciplinary dialogue between oceanographers, geologists, ecologists, fishery biologists, policy-

603 makers, and the public. Advancements in biological and environmental automated data 

604 collection via cabled digital cameras, environmental sensors and probes, AI vision and data 

605 processing promise to revolutionise how such marine zones might be monitored and managed. 

606 However, to date, the ideal level of required automation is a long way from reaching a 

607 development stage suitable for fisheries applications. This is due to intrinsic limitations in 

608 automatic imaging (in both camera and AI) and the lack of strategic planning of the arrangement 

609 of cameras into a useful network with adequate observation coverage.

610  Here, we have provided two cases where existing infrastructures (and their data 

611 collections) may be used for the development and testing of methods and strategies for 

612 automated marine observation in relation to potential fishery-independent stock assessment of 

613 key commercial species. A highly integrated spatial network containing fixed nodes and a group 

614 of mobile units operating in-between, could be the most appropriate setup for deriving fish stock 

615 assessment information and an ecosystem-based monitoring of biodiversity. Such a framework 

616 would enable the non-invasive acquiring of local data on size distribution and population 

617 abundance for all species sharing the same habitat regardless of their motility, to extend the 

618 spatiotemporal knowledge of ecological interactions and other highlighted ecological indicators 

619 along time.

620 The development of the AI vision capabilities and a more integrated collection and 

621 exchange of information at an adequate spatial scale between cabled observatories will expand 

622 this potential. If proven feasible, implementation of these actions will be expensive. Therefore, 

623 there is need for a timely debate of socio-economic relevance and benefit of extending fixed 
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624 camera observatory networks and their capabilities to produce spatially reliable and efficient 

625 biodiversity monitoring programs and fishery fish stock assessments.

626
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1073 Figure Captions

1074 Figure 1. Pipeline for the automated rockfish tracking and counting at the Lofoten-Vesterålen 

1075 ocean observatory (LoVe; https://love.statoil.com/) (López-Vázquez et al., 2020). Video-counts 

1076 (light grey, row output; bold black the 3-step moving averaged tendency) were obtained form 17 

1077 November 2017 to 27 of June 2018, along with environmental parameters 

1078 (Temperaturetemperature, Salinitysalinity, and Depth depth of the water column - as proxy for 

1079 the local internal tidal regime). First, various filters are applied to the original images and then 

1080 the background is subtracted. With the help of binary thresholding, contours are detected and 

1081 extracted. Afterwards, the global characteristics are extracted for classification. Finally, the 

1082 rockfish count per hour (grey plus 3-step moving average in bold black) is extracted in order to 

1083 analyse their diel activity. 

1084

1085 Figure 2. A) Ocean Networks Canada (ONC) cabled observatory in the NE Pacific depicting the 

1086 seafloor infrastructure in Barkley Canyon allowing fishery-independent monitoring of sablefish 

1087 (Anoplopoma fimbria). Top left,: map showing the locations of the instrument platforms in the 

1088 canyon and adjacent slope: Barkley Upper Slope (400 m), Node (647 m), Hydrates (870 m), 

1089 Mid-Canyon (890 m) and Canyon Axis (985 m). Bottom left,: temporal variability in dissolved 

1090 oxygen and temperature data from four of these locations from September 27, 2019 to February 

1091 3, 2020. Top right,: schematic showing a 3D bathymetric map with observing locations in 

1092 Barkley Canyon and depicting some of the known population moments of sablefish (white 

1093 arrows – Doya et al 2014). Bottom right,: field of view of seafloor cameras installed in four of 

1094 these locations in a depth gradient and inside and outside the submarine canyon depicting large 
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1095 densities of sablefish. The collocated environmental sensors with the seafloor video cameras are 

1096 nested in spatial scales from 100s of meters up to ~15 kilometres, and in a depth gradient 

1097 spanning ~ 600 m. This allows for deriving individual species population metrics such as 

1098 abundance and size-class distributions, and also entire community parameters such as species 

1099 richness and diversity, in all the locations with potential extrapolation for the entire region.

1100

1101 Figure 3. Simulated time series of sablefish counts between mid-October and mid-November 

1102 2011 from three Barkley Canyon video-platforms (see Figure 2). A) Canyon Axis POD1; B) 

1103 Mid-Canyon POD3; C) Mid-Canyon POD4) and D) Combined time series from all three 

1104 platforms.

1105

1106 Figure 43. The ESMO SmartBay observatory location within Galway Bay (Ireland) in relation to 

1107 the Norway lobster (Nephrops norvegicus) fishery grounds. The node infrastructure is visible 

1108 over the muddy seabed area (A), where an individual clawed lobster (Homarus gammarus; B) is 

1109 depicted in relation to the node infrastructure. Two specimens of Nephrops (C) are depicted from 

1110 another angle of view. Time series graphs of multiparametric environmental data are shown from 

1111 the observatory web interface for data management and visualization (D).Field of view at EMSO 

1112 SmartBay cabled observatory infrastructure located in Galway Bay (Ireland). SmartBay 

1113 represents a unique opportunity for studying in situ the behaviour of the Norway lobster 

1114 (Nephrops norvegicus), since the node is located in one of the most relevant fishing grounds in 

1115 the EU. The node infrastructure is visible over the muddy seabed area (visible on the 

Page 67 of 72

http://mc.manuscriptcentral.com/icesjms

Manuscripts submitted to ICES Journal of Marine Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

57

1116 background; A), where an individual clawed lobster (Homarus gammarus; B) is portrayed in 

1117 relation to the node infrastructure. Two specimens of Nephrops (white arrows; C) are portrayed 

1118 from another field of view angle in relation to a burrow entrance. Time series graphs for 

1119 multiparametric environmental data are shown from the observatory web interface for data 

1120 management and visualization (D). The platform location within Galway Bay area is reported in 

1121 relation Nephrops fishery grounds in the context of Ireland (E).

1122

1123 Figure 54. The OBSEA trials (Vilanova i la Geltrú, Spain) for the video-monitoring of Norway 

1124 lobster (Nephrops norvegicus) behaviour. Upper Top left: Cage to prevent animals escaping 

1125 form the camera field of view; Upper Top right: deployment and installation of the cage in front 

1126 of the video camera. Lowe Bottom right: Animal inside the cage with a plastic tag used for its 

1127 identification. Lower Bottom left: Animal inside the artificial (PVC plus concrete) burrow.

1128
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